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INTRODUCTION Ogawa & Yoshizawa

MATERIALS & METHODS 1
Taxon selection (Table 1 ) 2
We examined the following taxa: Trogiomorpha, five species representing four families; 3 Troctomorpha, seven species representing six families; Psocomorpha, 16 species representing 4 16 families (Table 1 ). Vouchers are deposited in the Hokkaido University Insect Collection. We 5 included a species of Calopsocidae (Psocomorpha), recently synonymized with 6
Pseudocaeciliidae (Yoshizawa and Johnson, 2014) , because this group is characterized by highly 7 modified, elytra-like wings. Aeolothrips kurosawai (Thysanoptera: Aeolothripidae) and Cinara 8 sp. (Hemiptera: Aphididae) were selected as outgroup species. 9 10 Terminology 11
The terminology is consistent with that used by Badonnel (1951) and Ogawa and 12 Yoshizawa (2018). First radial vein and subcostal vein are abbreviated to R1 and Sc, 13 respectively. The branched section of the subcostal vein is denoted Sc' (Lienhard, 1998) . Preparation, observation and image processing followed the procedures described in 17 Ogawa and Yoshizawa (2018) . Specimens for examination were stored in 80% or 99% ethanol. 18 Forewings and hindwings were removed by forceps and dehydrated in 90%, 95% and 100% 19 ethanol for 1 hour each. Wing cuticle was hardened by soaking with hexamethyldisilazane for 1 20 hour and air drying prior to mounting on 10mm aluminum stubs. Wings were held in place with 21 sticky urethane sheets (Kokuyo Hittsuki Sheet, Kokuyo Co. Ltd., Tokyo) and coated with Au-Pd 22 in a Hitachi E101 ion sputter-coater (Hitachi High Technologies Corp., Tokyo) for 120 sec. Jeol 23 JSM-5310LV and JSM-6510 scanning electron microscope (Jeol Ltd., Tokyo) were used for 24 SEM examination and the screen images were photographed by Jeol Digi Capture SUP-7707 Character coding and phylogenetic analysis was performed as described by Ogawa and 5 Yoshizawa (2018). Character matrix is given in the supplemental information. The data were 6 mapped onto a given phylogenetic tree, which included almost all psocid families. were trimmed from the tree, and a coded character matrix was used for the parsimony analysis 11 using Mesquite version 3.04 (Maddison & Maddison, 2018) . 12 13 RESULTS 14
General Morphology 15
In a reposed bark lice ( Fig. 1A) , the stigmapophysis supports the anterior margin of 16 hindwing (Fig. 1B ). This region of hindwing is slightly bent (Fig. 1D , E) and covered with scary 17 structures, but there is little difference in morphology among the suborders ( Fig. 1D , E, 2F, G, 18 3F, G). A stigmapophysis was observed in almost all species near a pterostigma on the ventral 19 forewing surface (Fig. 1C) , either on the R1 or Sc' vein. The R1 and Sc' veins are generally 20 decorated by rib-like structures (series of small plate-like structures arranged in equal intervals 21 on the veins), as also observed on the CuP vein (Ogawa & Yoshizawa, 2018) ( Fig. 2-4 
Morphological disparity of stigmapophysis 1
The morphology of the stigmapophysis is significantly different among suborders. In 2 Trogiomorpha, the stigmapophysis is formed by a comb-like cluster of spines (Fig.2) . Judging 3 from the structure of the stigmapophysis and the location between the same neighboring vein 4 structures, the comb is very likely homologous to the rib-like structure ( Fig. 2E ). In 5 Echmepteryx hageni (Lepidopsocidae), the stigmapophysis is formed by ca. 16 tightly arranged 6 teeth on Sc' near the Sc'-R1 fork ( Fig. 2E ). Psoquilla sp. (Psoquillidae) lacks Sc', and a 7 vertically arranged stigmapophysis formed by seven tightly arranged teeth is located above the 8 R1 vein, corresponding to the Sc'-R1 fork of other trogiomorphans. A stigmapophysis was not 9 observed in Prionoglarididae and Psyllipsocidae, although the Sc'-R1 fork is present in these 10 families ( Fig. 2A-C) . 11
The stigmapophysis of troctomorphans and psocomorphans is formed by a swelling of 12 the R1 vein, exhibiting apparently different conditions from that of Trogiomorpha (Fig. 3 ). The 13 stigmapophysis in Troctomorpha is decorated with a striped pattern of rows of fine microtrichia. stigmapophysis of Manicapsocus alettae (Electrentomidae) is located on the R1 vein near the 18 Sc'-R1 fork (Fig. 3E The psocomorphan stigmapophysis (Fig.4) is also placed on the R1 vein near the Sc'-R1 24 fork (e.g., Fig. 4D ) but frequently exhibits extension toward Sc' (e.g., Fig. 4G ). The with sparse hairs (Fig. 4K ). The stigmapophysis of Archipsocus sp. (Archipsocidae) is decorated 2 with tile-shaped rib-like structures (Fig. 4A) . The stigmapophysis of the other psocomorphans is 3 a globular or conical projection arranged with fine microtrichia. Species of Archipsocidae, 4
Caeciliucetae, Homilopsocetae, Trichopsocidae (Philotarsetae) and Hemipsocetae (Fig. 4A-H Based on the presence/absence of the stigmapophysis, we reconstructed the ancestral 10 condition of the stigmapophysis by using the parsimony method. As a result, the stigmapophysis 11 was discovered to be independently gained twice, once in the infraorder Atropetae 12 (Trogiomorpha) and once in the common ancestor of Troctomorpha and Psocomorpha. 13 Secondary absence of the stigmapophysis was identified in the infraorder Nanopsocetae 14 (Troctomorpha) (Fig. 5) 
Origin and Evolution of stigmapophysis 19
The psocopteran repose coupling system is composed of simple components, including a 20 stigmapophysis on the ventral side of the forewing, which holds the costal margin of the 21 hindwing at rest (Fig.1B) . The stigmapophysis is observed in all winged Psocodea but is 22 absent in Prionoglarididae, Psyllipsocidae (basal families of Trogiomorpha), Pachytroctidae 23 and Liposcelididae (specialized families of Troctomorpha). The most parsimonious 9 Ogawa & Yoshizawa stigmapophysis has experienced two gain ( Fig. 5 , "G1" and "G2") and one loss events ( Fig. 5,  1 "L") within Psocodea. 2
The independent origins of the stigmapophysis are further suggested by homology 3 assessment of this structure. The stigmapophysis of trogiomorphans is never associated with 4 the R1 vein. In Lepidopsocidae ( Fig. 2E; New, 1974) , the stigmapophysis is placed on Sc' 5 near the Sc'-R1 fork. Sc' is absent in Psoquillidae, but its stigmapophysis apparently 6 separates from the R1 vein (Fig. 2D ). This positional relationship suggests that the 7 stigmapophysis of Psoquillidae is homologous with the stigmapophysis of Lepidopsocidae. In 8 addition, the stigmapophysis of Trogiomorpha is formed by extension of the rib-like structure 9 (see also New, 1974) , as observed in the in-flight wing-coupling structure in Psocodea 10 (Ogawa & Yoshizawa, 2018). 11 In contrast, the stigmapophysis of Troctomorpha is always formed by a swelling of 12 the R1 vein. In Musapsocidae, the surface of the stigmapophysis is arranged by an extended 13 rib-like structure (Fig. 3D) , which is somewhat similar to that of Trogiomorpha. However, in 14 all other troctomorphans (Fig. 3A-E) , the stigmapophysis is also arranged by the rib-like 15 structure. In addition, the stigmapophysis of Musapsocidae is restricted to the R1 vein ( Fig.  16   3D) . Therefore, the extended rib-like structure in Musapsocidae is likely a derived condition 17 that occurred in Musapsocidae. These structural differences further support the idea that the 18 stigmapophysis structures of Trogiomorpha and Troctomorpha are not homologous. The 19 stigmapophysis of Psocomorpha frequently shows extension toward Sc' but is always 20 associated with the R1 vein as observed in Troctomorpha. Furthermore, the stigmapophysis of 21 Psocomorpha is apparently a swollen structure. Therefore, in addition to the phylogenetic 22 relatedness between Troctomorpha and Psocomorpha, these structural similarities support the 23 homology of the stigmapophysis between these two suborders. Extension of the 24 stigmapophysis toward Sc' is likely a derived condition that occurred in Psocomorpha. 
